Introduction
============

In 2005, vital capacity (VC) was described by the American Thoracic Society/European Respiratory Society (ATS/ERS)^(^ [@B01] ^)^ as the volume of air mobilized between a maximal inspiratory maneuver and a maximal expiratory maneuver. An FVC maneuver or a slow vital capacity (SVC) maneuver can be used in order to determine VC.

When an FVC maneuver is performed, there is higher dynamic compression and airway collapse, reducing the ability to mobilize the volume of air during exhalation and therefore causing air trapping. Consequently, FVC values can be lower than SVC values; because SVC is measured through an unforced maneuver, there is less intrathoracic pressure, and, consequently, a larger volume of air can be mobilized.^(^ [@B02] ^)^

The factors influencing airway caliber can affect VC, principally FVC. In addition to those, other key factors should be analyzed. The determinants of TLC and RV also affect VC. Chest wall retraction, lung retraction, and the pressure resulting from respiratory muscle strength determine TLC and RV.^(^ [@B03] ^,^ [@B04] ^)^

In healthy individuals, the difference between SVC and FVC (SVC − FVC) is practically zero; however, in the presence of airway obstruction, these differences can become apparent and are mostly related to the presence of lung hyperinflation.^(^ [@B04] ^)^

According to the ATS/ERS,^(^ [@B01] ^)^ the ratio between FEV~1~ and maximal vital capacity, as measured by spirometry, can be used in order to determine the presence of airway obstruction. When pulmonary function tests are performed, analysis of the FEV~1~/FVC ratio is sometimes used in order to determine the presence of airway obstruction because additional respiratory maneuvers are required in order to assess TLC. This is why this parameter is often not measured and is therefore given less weight.

The primary objective of the present study was to investigate the presence of airway obstruction by determining the FEV~1~/FVC and FEV~1~/SVC ratios. A secondary objective was to determine whether the SVC − FVC parameter correlated with lung disease severity, as determined by percent predicted FEV~1~ (FEV~1~%).

Methods
=======

This was a quantitative, retrospective cross-sectional study. A non-probabilistic convenience sampling procedure was used.

Data collection was performed with the use of a database belonging to the institution where the study was conducted. The database contained information on the anthropometric and pulmonary function characteristics of the individuals in the study sample.

The study sample consisted of 1,084 individuals who underwent spirometry and plethysmography on the same day (between January of 2005 and December of 2011) in a central hospital in Lisbon, Portugal.

We included individuals who were 18 years of age or older and who had undergone spirometry and plethysmography for the first time in the facility where the study was conducted. We excluded individuals who had undergone bronchodilator therapy on the day of the test and those in whom pulmonary function testing did not include determination of TLC or meet the quality criteria.

The database used in the present study contained data regarding 1,321 patients; however, 237 patients were excluded from the analysis, the final study sample therefore consisting of 1,084 patients. Of the 237 individuals who were excluded, 41 had received bronchodilator therapy on the day of the test, 103 had not undergone determination of TLC, and 93 had undergone pulmonary function tests that did not meet the quality criteria.

For the present study, we considered only the pulmonary function tests that were performed in the first visit to the laboratory; that is, subsequent follow-up visits were not studied, in order to avoid repetition of results in the same individual.

In addition to spirometry, all of the individuals underwent plethysmography, because TLC is typically measured by plethysmography in the laboratory where the study was conducted. Furthermore, the lung volume data were essential for the characterization of the patients.

In the present study, spirometry and plethysmography were performed in accordance with the ATS/ERS guidelines, having met the quality criteria thereof.^(^ [@B05] ^,^ [@B06] ^)^

The pulmonary function test results were interpreted in accordance with the criteria proposed by the ATS/ERS.^(^ [@B01] ^)^ The reference equations used in the present study have been described elsewhere.^(^ [@B07] ^)^

On the basis of the results of the pulmonary function tests, the study sample was divided into six groups. The normal pulmonary function group comprised 176 individuals; the reduced FEF group (i.e., the group of individuals with decreased FEFs at different levels of VC) comprised 225 individuals; the airway obstruction group comprised 316 individuals; the airway obstruction plus lung hyperinflation group comprised 215 individuals; the restrictive lung disease group comprised 117 individuals; and the mixed pattern group (i.e., the group of individuals with mixed obstructive and restrictive lung disease) comprised 35 individuals.

In the present study, we used a Vmax Series Autobox 6200 plethysmograph (Sensormedics, Yorba Linda, CA, USA).

For the statistical characterization of the study sample, we calculated descriptive statistics. For quantitative variables, we used measures of central tendency (sample mean), dispersion (standard deviation), and association (Spearman\'s correlation coefficient). For qualitative variables, we analyzed the distribution of frequencies.

In order to test the normality of data distribution, we used the Kolmogorov-Smirnov test. Because the study variables showed a non-normal distribution, we used nonparametric statistical methods.

In order to determine whether the SVC − FVC parameter varied according to the type of respiratory pattern, we used the Kruskal-Wallis test. In order to identify the group (or groups) showing those differences, we used multiple comparisons of the means for independent samples.

For all statistical tests, the level of significance was set at 0.05.

Results
=======

The analysis of the FEV~1~/FVC ratio revealed the presence of airway obstruction in 476 individuals (43.9%), compared with 566 individuals (52.2%) for the analysis of the FEV~1~/SVC ratio.

[Table 1](#t01){ref-type="table"} shows the anthropometric characteristics of the individuals in the study sample, divided into six groups by pulmonary function. Females predominated in the normal pulmonary function and reduced FEF groups (62% and 68%, respectively), whereas, in the airway obstruction, airway obstruction plus lung hyperinflation, restrictive lung disease, and mixed pattern groups, males predominated (54.7%, 66.5%, 58.1% and 68.6% respectively).

Table 1Anthropometric characteristics of the patients under study.[^a^](#TFN02t01){ref-type="fn"}VariablesGroupsNormal pulmonary functionReduced FEFAirway obstructionAirway obstruction with lung hyperinflationRestrictive lung diseaseMixed obstructive and restrictive lung disease(n = 176)(n = 225)(n = 316)(n = 215)(n = 117)(n = 35)GenderMale67 (38.0)72 (32.0)173 (54.7)143 (66.5)68 (58.1)24 (68.6)Female109 (62.0)153 (68.0)143 (45.3)72 (33.5)49 (41.9)11 (31.4)Age, years54.3 ± 14.557.9 ± 11.361.8 ± 13.161.2 ± 12.360.1 ± 12.664.1 ± 12.3Height, m1.61 ± 0.091.60 ± 0.091.63 ± 0.091.64 ± 0.091.62 ± 0.101.65 ± 0.08Weight, kg72.6 ± 15.774.8 ± 15.875.7 ± 15.471.1 ± 15.874.7 ± 15.676.2 ± 16.2BMI, kg/m228 ± 529 ± 628 ± 526 ± 628 ± 628 ± 5[^1][^2]

[Table 2](#t02){ref-type="table"} shows the pulmonary function parameters (spirometry and plethysmography) for the six groups of individuals. The differences between SVC and FVC were greater in the presence of an obstructive component, i.e., in the airway obstruction group (140.9 ± 9.20 mL), in the airway obstruction plus lung hyperinflation group (127.4 ± 9.83 mL), and in the mixed pattern group (134.3 ± 21.1 mL).

Table 2Pulmonary function characteristics of the patients under study.[^a^](#TFN03t02){ref-type="fn"}VariablesGroupsNormal pulmonary functionReduced FEFAirway obstructionAirway obstruction with lung hyperinflationRestrictive lung diseaseMixed obstructive and restrictive lung disease(n = 176)(n = 225)(n = 316)(n = 215)(n = 117)(n = 35)FEV~1~, L2.78 ± 0.052.30 ± 0.041.90 ± 0.041.33 ± 0.041.90 ± 0.051.17 ± 0.07FEV~1~, %109.5 ± 1.0395.9 ± 0.7474.8 ± 0.9951.0 ± 1.1775.8 ± 1.6145.8 ± 2.65FVC, L3.43 ± 0.073.07 ± 0.053.04 ± 0.062.68 ± 0.052.38 ± 0.071.92 ± 1.16FVC, %111.3 ± 1.16105.4 ± 0.9196.4 ± 1.0682.3 ± 1.2876.3 ± 1.4559.5 ± 3.31SVC, L3.51 ± 0.073.14 ± 0.063.18 ± 0.052.81 ± 0.062.45 ± 0.072.06 ± 0.12SVC, %110.0 ± 1.18103.6 ± 0.8797.4 ± 1.0082.5 ± 1.3075.9 ± 1.4661.5 ± 3.20SVC − FVC, mL79.3 ± 7.6174.5 ± 14.3140.9 ± 9.20127.4 ± 9.8378.0 ± 9.41134.3 ± 21.1FEV~1~/FVC, %81.5 ± 0.2975.3 ± 0.2462.6 ± 0.4849.4 ± 0.7380.2 ± 0.5761.3 ± 1.30FEV~1~/SVC, %79.7 ± 0.3473.8 ± 0.2859.4 ± 0.4747.2 ± 0.7377.5 ± 0.6357.0 ± 1.25RV, L1.64 ± 0.421.83 ± 0.432.35 ± 0.593.86 ± 0.951.39 ± 0.431.88 ± 0.50RV, %87.8 ± 18.996.6 ± 20.7111.8 ± 20.0180.3 ± 36.367.4 ± 17.886.3 ± 29.0TLC, L5.16 ± 1.054.97 ± 1.015.53 ± 1.196.67 ± 1.223.84 ± 0.933.94 ± 0.91TLC, %98.7 ± 11.597.6 ± 11.299.8 ± 10.7117.0 ± 14.670.0 ± 9.1668.7 ± 16.3RV/TLC32.4 ± 7.7637.4 ± 7.4743.1 ± 9.3657.9 ± 9.0836.9 ± 9.7148.5 ± 9.75FRC, L2.51 ± 0.622.59 ± 0.633.18 ± 0.754.64 ± 1.072.04 ± 0.542.48 ± 0.59FRC, %87.7 ± 16.991.6 ± 17.2104.2 ± 16.4148.0 ± 25.067.1 ± 12.278.5 ± 19.6[^3][^4][^5]

In order to determine whether the SVC − FVC parameter varied according to the type of respiratory pattern, we used the Kruskal-Wallis test, which revealed the existence of statistical differences (p \< 0.001) in at least one of the pulmonary function groups (p \< 0.001). In order to identify the groups showing those differences, we used multiple comparisons of the means for independent samples. The results are shown in [Table 3](#t03){ref-type="table"}.

Table 3Comparison of the means of the differences between slow vital capacity and FVC among the pulmonary function groups under study.GroupsGroupsNormal pulmonary functionReduced FEFAirway obstructionAirway obstruction with lung hyperinflationRestrictive lung diseaseMixed obstructive and restrictive lung diseasepPppppNormal pulmonary functionN/A0.103\< 0.001\< 0.0010.9220.002Reduced FEF0.103N/A\< 0.001\< 0.0010.181\< 0.001Airway obstruction\< 0.001\< 0.001N/A0.647\< 0.0010.336Airway obstruction with lung hyperinflation\< 0.001\< 0.0010.647N/A0.0010.245Restrictive lung disease0.9220.181\< 0.0010.001N/A0.002Mixed obstructive and restrictive lung disease0.002\< 0.0010.3360.2450.002N/A[^6]

In the airway obstruction, airway obstruction plus lung hyperinflation, and mixed pattern groups, the SVC − FVC parameter was statistically superior to that in the normal pulmonary function, reduced FEF, and restrictive lung disease groups (p \< 0.05; [Table 3](#t03){ref-type="table"}). In terms of the SVC − FVC parameter, there were no significant differences among the airway obstruction, airway obstruction plus lung hyperinflation, and mixed pattern groups (p ≥ 0.05 for all) or among the normal pulmonary function, reduced FEF, and restrictive lung disease groups (p ≥ 0.05 for all; [Table 3](#t03){ref-type="table"}).

[Table 4](#t04){ref-type="table"} shows Spearman\'s correlation coefficients for the correlations between the SVC − FVC parameter and FEV~1~%, the latter being the parameter characterizing lung disease severity. The SVC − FVC parameter was found to correlate significantly with lung disease severity (p \< 0.05) only in the airway obstruction plus lung hyperinflation group.

Table 4Spearman\'s correlation coefficients for the correlations of the difference between slow vital capacity and FVC with FEV1 (in % of the predicted value).GroupsNormal pulmonary functionReduced FEFAirway obstructionAirway obstruction with lung hyperinflationRestrictive lung diseaseMixed obstructive and restrictive lung diseaserprprprprprp0.0270.719−0.7190.292−0.0490.384−0.1560.022−0.0250.7900.0890.615

Discussion
==========

In the present study, the FEV~1~/SVC ratio detected the presence of airway obstruction in more individuals than did the FEV~1~/FVC ratio. The former ratio detected the presence of airway obstruction in 52.2% of the sample as a whole, compared with 43.9% for the latter ratio. This means that there was a discrepancy of 8.4% between the two ratios.

Studies by Chhabra^(^ [@B08] ^)^ and Rasheed et al.^(^ [@B09] ^)^ also examined the use of the FEV~1~/FVC ratio or the FEV~1~/SVC ratio as a criterion for the presence of airway obstruction. The study by Chhabra^(^ [@B08] ^)^ showed that the differences among the FEV~1~/FVC, VEF~1~/expiratory VC, and FEV~1~/inspiratory VC ratios in healthy individuals and in those with mild obstruction were not significant; however, those differences were statistically significant in individuals with at least moderate obstruction.

The study by Rasheed et al.^(^ [@B09] ^)^ examined two groups of individuals, grouped by underlying disease process (asthma or COPD), and showed a discrepancy between the FEV~1~/SVC and FEV~1~/FVC ratios in 17% of the sample as a whole; in the asthma and COPD groups, this discrepancy was observed in 22% and 13% of the patients, respectively.

In the present study, we performed a sub-analysis based on the respiratory pattern. The analysis showed that the differences between SVC and FVC (SVC − FVC) were greater in the presence of airway obstruction, a finding that is consistent with those of Chan and Irvin,^(^ [@B02] ^)^ who reported that, in the presence of airflow limitation, the differences between the two variables are greater.

These results might be due to the fact that FVC maneuvers are forced maneuvers and can cause small airway collapse, therefore leading to an underestimation of this variable.

The greatest discrepancy in volumes between SVC and FVC occurred in the airway obstruction, airway obstruction plus lung hyperinflation, and mixed pattern groups. This might explain why the FEV~1~/FVC ratios were higher than the FEV~1~/SVC ratios in the present study. This is due to the fact that the denominator of the former ratio is lower than is that of the latter ratio, which therefore has greater airway obstruction detection capability.

In one study,^(^ [@B10] ^)^ SVC − FVC was reported to be greater in individuals with asthma than in healthy individuals, being also greater in the presence of airway obstruction and increasing with the degree of respiratory disease severity. These findings are consistent with those in the study by Kawakami et al.,^(^ [@B11] ^)^ in which SVC values were higher than FVC values in individuals with COPD.

In the airway obstruction, airway obstruction plus lung hyperinflation, and mixed pattern groups, the SVC − FVC parameter was found to be statistically superior to that in the normal pulmonary function, reduced FEF, and restrictive lung disease groups. This was due to the presence of an obstructive component in the first three groups. Therefore, it appears that the presence of obstruction is responsible for the differences found in the present study.

According to the ATS/ERS,^(^ [@B01] ^)^ the degree of lung disease severity is characterized by FEV~1~%, which is habitually used in order to determine disease severity in patients with obstructive lung disease, restrictive lung disease, or mixed obstructive and restrictive lung disease. Therefore, in order to determine whether the differences between SVC and FVC were correlated with the severity of lung disease, we analyzed the correlation between the SVC − FVC parameter and FEV~1~%.

The SVC − FVC parameter showed a significant negative correlation with FEV~1~% only in the airway obstruction plus lung hyperinflation group. The results obtained suggest that the severity of lung disease cannot be explained by the differences observed, given that only one of the groups showed significant results.

The present study showed that the differences between SVC and FVC have statistical significance, the volumes obtained by unforced maneuvers being greater than those obtained by forced maneuvers. The differences between the two parameters were greater in the presence of an obstructive component, and our correlation analysis revealed that the differences increased as the degree of severity increased in the airway obstruction plus lung hyperinflation group.

The present study showed that the FEV~1~/SVC ratio detected the presence of airway obstruction in more individuals than did the FEV~1~/FVC ratio, given that the VC volume obtained by an SVC maneuver is greater than is that obtained by an FVC maneuver.

The present study allowed us to conclude that the use of the FEV~1~/SVC ratio in the detection of airway obstruction does not underestimate the results of VC, therefore increasing the sensitivity of pulmonary function tests in the diagnosis of airway obstruction and avoiding interpretation errors that can prevent the initiation of appropriate therapeutic measures.

Study carried out at the Portuguese Red Cross School of Health and at the Northern Lisbon Hospital Center Pulido Valente Hospital, Lisbon, Portugal.
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[^1]: : body mass index.

[^2]: Values expressed as n (%) or as mean ± SD

[^3]: : slow vital capacity

[^4]: : functional residual capacity.

[^5]: Values expressed as mean ± SD

[^6]: Kruskal-Wallis test for independent samples for multiple comparisons of the means
